Value method (GILBERT; SPRAGG, 1964) . Glutenin molecular weight was determined by SDS-PAGE (PAYNE; LAWRENCE, 1983) and gel staining (BLAKESLEY; BOEZI, 1977) after storage protein extraction (SINGH; SHEPHERD; CORNISH, 1991).
Flour rheological characterization
The rheological analyses were the following: farinography, extensography, falling number, wet gluten and dry gluten, according to Table 1 . The viscosity of flour slurries was determined thorough an RVA-3D equipped with the Termocline program for Windows 3.1, according to the equipment manual (NEWPORT SCIENTIFIC, 1998) and Table 1 .
Baking test and bread formulation
Baking test was determined according to El-Dash (1978) . Bread formulation consisted of (g.300 g -1 wheat flour): salt (5.25 g), sugar (15.0 g), fresh leaven (9.0 g), hydrogenated vegetable fat (9.0 g), and L-ascorbic acid (0.027 g). After baking and cooling, bread volume was determined through the rapeseed displacement method, AACC (AMERICAN ASSOCIATION OF CEREAL CHEMISTS INTERNATIONAL, 2000) method 10-05.01. For bread quality evaluation, the classification table of Camargo and Camargo (1987) was used.
Scanning electron microscopy
Wheat flour samples were grouped with double-sided adhesive tape on aluminum stubs and sputter-coated with 200 A° of gold. A JEOL JSM-6390LV scanning electron microscope operated with accelerating voltage of 10kV was by Embrapa (Empresa Brasileira de Pesquisa Agropecuária), harvested in 2008, in order to determine their end-use.
Materials and methods
Each analysis was performed three times and carried out in triplicate.
Grain samples and physical tests
Grain samples of four different Brazilian wheat cultivars (BRS Louro, BRS Timbaúva, BRS Guamirim and BRS Pardela) harvested in 2008 were supplied by Embrapa. The samples were stored in cold room at 4 °C until use.
Physical characterization of the kernels included: test weight, determined with a Dalle Molle weighing scale, following the equipment handbook (BRASIL, 1992) ; thousand kernel weight, according to the method described in Brasil (1992) ; kernel hardness; kernel moisture; and kernel water activity, according to Table 1 . For the water activity determination of kernels, Aqualab equipment -Decagon, was used according to the equipment manual.
Milling and flour sample analysis
All grain samples were milled in order to obtain the flour samples, which were stored at 4 °C until use. All flour samples were analyzed for: granularity, color, moisture, total protein content, total dietary fiber, total starch, lipid and ash, according to the Table 1 . Water activity was analyzed using Aqualab equipment -Decagon, according to the equipment manual. Amylose content was determined by the Iodine Blue 
Wheat storage protein extraction
SDS-PAGE showed a 5 + 10 and 17 + 18 bands present only for the BRS Pardela cultivar. (Table 3) Water absorption content was observed in decreasing order for the cultivars: BRS Timbaúva > BRS Guamirim > BRS Pardela > BRS Louro. Flour from cultivar BRS Louro presented significantly lower values of mixing time, arrival time, departure time and stability when compared to the other cultivars; whereas used for the observations and the images were directly stored in the system.
Rheological characterization of flours

Farinography and Extensography
Statistical analysis
Data were submitted to analysis of variance (ANOVA), Tukey's test (significance level p ≤ 0.05) and principal component analysis (PCA). Statistical analysis and graphical representations were performed using STATISTICA 7.0 software, Copyright StatSoft, Inc. 1984 -2004 
Results
Physical characterization of cultivars (
Physicochemical characterization of flours (Table 2)
Water activity of flour samples was significantly different between the studied cultivars (p ≤ 0.05). Cultivar BRS Pardela presented the lowest value (0.588) and BRS Guamirim (0.675) the highest one. Wheat flour analysis presented variation in color components, with significant differences for color 
Gluten properties
Two cultivars presented similar wet gluten values (p ≤ 0.05): BRS Guamirim (35.50%) and BRS Pardela (33.40%), which were lower than in the other cultivars (p ≤ 0.05). This behavior was also observed for the dry gluten test with BRS Guamirim (12.22%) and BRS Pardela (11.17%). The flours from the four cultivars presented significantly different gluten index results, with BRS Pardela (95.82) showing the highest value.
Baking test
Bread made with BRS Pardela flour presented a significantly higher specific volume (18.34) (p ≤ 0.05) than the others.
BRS Pardela presented the highest values. BRS Pardela cultivar wheat flour presented the lowest mixing tolerance index and the highest stability (Table 3 ). The flour from cultivar BRS Louro presented the lowest values of maximum resistance to extension, proportional number, resistance to extension, extensibility and amylase for all evaluations. Cultivar BRS Pardela presented the highest values of A45 (area after 45 minutes), A90 (area after 90 minutes) and A135 (area after 135 minutes), when compared to other cultivars. Cultivar BRS Louro presented the lowest resistance to extension when compared to cultivar BRS Pardela. BRS Louro cultivar flour presented the lowest proportional number values, while cultivar BRS Pardela presented the highest proportional number values (Table 3) .
Falling number
The falling number for cultivars BRS Guamirim (470.50 s) and BRS Pardela (488.75 s) were statistically equivalent and higher than for cultivars (p ≤ 0.05) BRS Louro (430.00) and BRS Timbaúva (410.25).
Rapid visco analyzer
The maximum viscosity values of BRS Louro (3169.50 cP) and BRS Pardela (2853.00 cP) flours presented significantly higher results than BRS Timbaúva (2431.33cP) and BRS Guamirim (2261.33 cP) (p ≤ 0.05). BRS Timbaúva presented the lowest tRVA (time to pasting temperature) (p ≤ 0.05) flour (9.00) and lower than in flours from the BRS Louro (5.17) and BRS Timbaúva (5.83). According to the results, the bread flavor attribute was prominent for bread elaborated with the flours of BRS Guamirim (8.00) and BRS Pardela (9.00), being both significantly higher (p ≤ 0.05) than the others. However, bread formulated with the flour from cultivar BRS Louro (6.5) had lower values than others for bread flavor. Taste attribute was significantly higher (p ≤ 0.05) for bread formulated with flours from cultivars BRS Pardela (13.00) and BRS Guamirim (12.33).
Microscopic characterization of flours
SEM (Scanning Electron Microscopy) images of the flour samples (Figure 1) showed that BRS Louro (Figure 1a) had a high number of small starch granules type "b", which appeared with a smooth clean surface and free from the protein matrix. Flour from BRS Timbaúva (Figure 1b ) also presented a high quantity of starch granules type "b", in a very compact structure and the protein matrix. BRS Guamirim (Figure 1c) presented The crust color varied significantly (p ≤ 0.05) between all the analyzed bread. The lowest value was presented by BRS Louro (6.5). Break test values were significantly different beyween the bread formulations (p ≤ 0.05). The highest break value was found in bread formulated with BRS Pardela flour (4.00). Regarding symmetry, bread formulated with the flours of the BRS Guamirim (3.50) and BRS Pardela (3.83) presented higher symmetry and were significantly different (p ≤ 0.05) from the others. The crumb characteristic was significantly higher (p ≤ 0.05) for the cultivar BRS Pardela bread (3.83) and lower than that of BRS Louro (1.67) and BRS Timbaúva (2.00). For the crumb color attribute, bread made with flours from cultivars BRS Guamirim and BRS Pardela were significantly higher (p ≤ 0.05), both around 9.00. The crumb color value was significantly lower (p ≤ 0.05) for BRS Louro bread (6.33). The crumb cell was significantly higher (p ≤ 0.05) in the BRS Guamirim bread (7.17), followed by bread formulated with BRS Pardela (6.33). The crumb texture presented significantly higher values (p ≤ 0.05) for bread formulated with cultivar BRS Pardela Figure. 1. Scanning electron microscopy (SEM) of wheat flour from cultivars: a) BRS Louro; b) BRS Timbaúva; c) BRS Guamirim; and d) BRS Pardela. Showing "a"-large starch granules; "b"-small starch granules (arrows) and "cw" endosperm cell walls (arrows). L*, lipids, kernel moisture, test weight, kernel water activity, color attribute chroma a* and ash; thus, the perpendicular graphic projection was above the origin. In the same way, BRS Timbaúva grain and flour samples presented values above average for variables b*, kernel hardness index, thousand kernel weight and extraction; and values below average for flour moisture and flour water activity. Regarding the starch variable, BRS Timbaúva grain and its respective flour presented average values, so, perpendicular graphic projection was similar to the origin. Similar results were obtained with the variables falling number and total dietary fiber for BRS Guamirim grain and flour. However, values for flour moisture and flour water activity were below average, and variables chroma b*, kernel hardness index, thousand kernel weight, extraction, starch, gluten index and crude protein content were found to be above average. Finally, BRS Pardela grain and flour showed variables total dietary fiber, falling number, crude protein content, gluten index, starch and amylose with higher values than the average. Figure 3a shows positive and strong correlations between crude protein content and mixing time, stability and crude protein content, and mixing time and specific volume. Vectors were negatively correlated with water absorption and mixing tolerance index. Amylose content did not seem to be correlated with crude protein content, departure time, stability and specific volume. There were no correlations between starch and ash, or between water absorption with stability or with mixing time individually. Lipids, mixing time and stability did not show any correlations. When Figure 3a was superimposed on Figure 3b , the results showed that BRS Louro grain and flour presented the lowest values for lipids and amylose variables, and values above average for mixing tolerance index, similar to BRS Timbaúva. flour with small agglomerates of large (type "a") and small starch granules with remnants of the protein matrix. Flour from cultivar BRS Pardela (Figure 1d ) presented a very compact structure, with obvious cell walls (cw), and apparently the same amount of starch granules "a" and "b".
Principal component analysis
Principal component analysis (PCA) was used in order to observe and determine the different quality characteristics of grains and flours, and the influence of cultivar.
The projection of the variables studied at the first PCA group, (Figure 2a ) was defined by the first plan by two factors (1 and 2). These two factors accounted for about 46 and 39% of variance, respectively. Each vector represents the variables; so, the closer the vectors are to the variables the more positive the correlation between them, such as: wet gluten and dry gluten, thousand kernel weight and extraction, kernel water activity and kernel moisture, kernel hardness index and extraction, kernel hardness index and chroma b*, and crude protein content and gluten index. The 180° vectors represent variables that were negatively correlated, which was the case with gluten, crude protein, color and lipid. When the variable vectors are at right angles, they are independent. Factors 1 and 2 represented a way to differentiate between grains and flours, respectively. In fact, grain and flour samples contrasted with the variables evaluated. When Figure 2a was superimposed on Figure 2b , it was observed that BRS Louro flour had the lowest averages for wet gluten and dry gluten; therefore, the perpendicular graphical projection was below the origin. BRS Louro cultivar grain and flour presented the highest averages for color attribute chroma , maximum resistance to extension after 45 minutes; R m 90, maximum resistance to extension after 90 minutes; R m 135, maximum resistance to extension after 135 minute; R45, resistance to extension after 45 minutes; R90, resistance to extension after 90 minutes; R135, resistance to extension after 135 minutes; R/E45, proportional number after 45 minutes; R/E90, proportional number after 90 minutes; R/E135, proportional number after 135 minutes; A45, area after 45 minutes; A90, area after 90 minutes; A135, area after 135 minutes; E45, extensibility after 45 minutes; E90, extensibility after 90 minutes; E135, extensibility after 135 minutes. b) Principal component projections of chemical characterization of flours, extensography and specific volume.
from BRS Timbaúva presented the lowest values for breakdown. BRS Pardela flour presented the highest values for total dietary fiber, specific volume, total protein content, setback and ash. For BRS Pardela, variables amylose, minimum viscosity, final viscosity, tRVA, TRVA, lipids and maximum viscosity presented values below average.
Discussion
According to the falling number values obtained, all samples evaluated in the present work presented low amylolitic activity, making them suitable for the study.
Cultivar BRS Louro presented the lowest thousand kernel weight, and its kernel hardness index defined it as a semi-soft kernel, with the lowest extraction and the highest kernel water activity when compared to the other cultivars. These attributes suggest a higher water absorption capacity during tempering for subsequent milling and lower wheat flour production yield, with larger flour particles.
The flour from the cultivar BRS Louro was the whitest one, it presented amylose value below average, with the lowest total protein content and water absorption, when compared to flours from the other cultivars. Low total protein content can be associated with low water absorption, as previously discussed by Chiang, Chen and Chang (2006) in a similar article with different wheat cultivars. Low total protein content has also been related to poor baking quality (JANSSEN; VEREIJKENS, 1996) , what was observed when comparing the total protein content and bread specific volume of flour from cultivar BRS Louro.
Flour with weak gluten presents poor water absorption and stability in comparison to stronger gluten flour (NORTH (maximum resistance to extension after 135 minutes), A45, A90, A135, R/E45 (proportional number after 45 minutes), R/E90 (proportional number after 90 minutes), R/E135 (proportional number after 135 minutes), and E45 (extensibility after 45 minutes). The negatively correlated variables were ash and E135 (extensibility after 135 minutes), total dietary fiber and E135. There were some independent variables: starch did not present correlation with E135; amylose did not correlate with total protein content; correlation between ash and starch was not observed and individual correlation between lipids and R45, R90, R135, R m 45, R m 90, R m 135, A45, A90, A135, R/E45, R/E90, R/E135 and E45 were also not observed. BRS Timbaúva cultivar presented the lowest value for variables E90 (extensibility after 90 minutes) and E135. BRS Pardela cultivar flour presented the highest values for total dietary fiber and ash, and the lowest values for starch, crude protein content, specific volume, R45, R90, R135, R m 45, R m 90, R m 135, A45, A90, A135, R/E45, R/E90, R/E135 and E45. When Figure 4a was superimposed on Figure  4b , results showed that BRS Timbaúva presented the lowest values for variables E90 and E135. Flour from BRS Pardela presented the highest values for total dietary fiber and ash, and the lowest values for starch, crude protein content, specific volume, R45, R90, R135, R m 45, R m 90, R m 135, A45, A90, A135, R/E45, R/E90, R/E135 and E45. Figure 5a shows positive and strong correlations between final viscosity and tRVA, and between amylose and minimum viscosity. There were negative correlations between the variables breakdown and total dietary fiber, and breakdown and setback. Variables starch and ash, total protein content and final viscosity, specific volume and tRVA presented independence of each other. When Figure 5a was superimposed onto Figure 5b , results showed that BRS Louro flour was below average for maximum viscosity, lipids, TRVA, tRVA, final viscosity, and amylose. Flour BRS Pardela cultivar concerning kernel hardness index, which defined it as a hard grain which allows water absorption to make viscoelastic dough.
The characterization of BRS Guamirim was similar to BRS Timbaúva, once their variables did not allow a clear technological indication. Cultivar BRS Guamirim presented values above average for kernel hardness index, thousand kernel weight, extraction, chroma b*, starch, amylose, ash, gluten index, crude protein content and arrival time. According to the rheological analysis and baking test, the dough from BRS Guamirim could be characterized as extensible and elastic, for bread with good quality attributes such as crumb color, crumb cell, taste and flavor.
Conclusions
This study led to a better understanding of the interactions between wheat physical characteristics, chemical composition, storage protein extraction and microstructure, which define flour quality in terms of rheological attributes for a specific end use of four Brazilian cultivars: BRS Louro, BRS Timbaúva, BRS Guamirim and BRS Pardela. Considering the four cultivars studies, BRS Pardela seemed to have characteristics of hard wheat, being more appropriate for bread flour. On the other hand, BRS Louro could be characterized as a semi-soft grain with low crude protein content, poor gluten strength and poor baking qualities, suitable for sugar containing products such as cookies, cakes and pies. The other two cultivars: BRS Timbaúva and BRS Guamirim presented average values and could not be clearly indicated for a specific technological application, as there were discrepancies between the obtained results. However, BRS Guamirim may have application in baking products. The results from BRS Timbaúva were the least conclusive; it may have some general application for cookies and extruded products. BRS Pardela cultivar presented higher test weight, kernel hardness index and extraction than the other cultivars. Values for total dietary fiber, falling number, total protein content, gluten index, starch and amylase were also above average.
The presence of band 5 + 10 with SDS-PAGE was previously associated with suitable bread-baking quality (MANN et al, 2009) . BRS Pardela was the only cultivar that presented this band, which seemed to be related to the greatest dough elasticity values and highest gluten strength of cultivar BRS Pardela. The 17 + 18 band, also related to bread quality flour (XU et al., 2008) , was also found in BRS Pardela.
Once dough rheology is influenced by physicochemical attributes, the interaction between variables can be useful for the suggestion of cultivars for specific end-uses. The lowest values for water absorption, mixing time, arrival time, departure time, stability, resistance to extension, extensibility, amylose and crust color found in BRS Louro characterize it as a cultivar with weak gluten.
The lowest mixing tolerance index (40.00 FU) and the highest value for stability (14.7 minutes) make BRS Pardela a satisfactory choice for bread-baking. Values for water absorption, arrival time, amylose, resistance to extension, stability, break, symmetry, crust characteristic, crumb texture, and flavor of this cultivar were similar to the average.
The lowest values of resistance to extension, extensibility and area (A45, A90 and A135), found in BRS Louro flour, reveal a weak interaction between the protein molecules of this sample. Similar observations were reported by Chiang, Chen and Chang (2006) . Flour with weak gluten has short resistance to extension when compared to strong gluten flour (POPPER; SCHÄFER; FREUND, 2006) . This fact was observed with BRS Louro and BRS Pardela, respectively.
As the R/E increases, the dough tendency decreases. And as the R/E decreases, the dough tendency increases. Generally, strong flours present R/E > 2.5 and weak flours present R/E < 1.0 (MONTENEGRO; ORMENESE, 2008) . This behavior was verified for BRS Pardela and BRS Louro, respectively. Besides greater extensibility, better flour has high resistance to extension (KOKELAAR; VANVLIET; PRINS, 1996) , as observed with BRS Pardela.
Specific bread volume is affected by the total protein content of the wheat flour (FINNEY, 1984) which was confirmed by the largest bread specific volume (18.34) and total protein content (14.35%) of BRS Pardela.
The results from BRS Timbaúva grain and its respective flour were not sufficiently consistent to give a clear indication for technological applicability, as well as the results from cultivars BRS Louro and BRS Pardela. BRS Timbaúva presented similar characteristics to BRS Louro regarding falling number and viscosity. On the other hand, it showed similarities with
